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(A) GENERAL: 
There is increasing concern over the possible 
toxicological hazards posed by a spectrum of synthetic 
organic chemicals including industrial pollutants, 
pesticides, drugs and food additives. In addition other 
dietary imbalances caused by socio-economic and 
religious restrictions such as hunger (fasting or 
starvation) malnutrition (higher intake only of certain 
dietary components e.g. carbohydrates, fats or 
proteins) are potential causes for health problems. 
Islamic fasting practiced by Muslims world wide may 
also affect human health in one or the other way. The 
main target of exposure in human population to such 
above conditions is the gastro-intestinal tract where 
complex food components are digested to monomeric form 
and together with other substances (such as various 
ions) are absorbed by intestinal epithelial cells. 
Brush border membrane (BBM) lining the enterocytes 
(intestinal cells) constitutes one of the most 
important cellular membranes owing to its role in 
digestive and absorptive functions which are carried 
out by certain hydrolytic enzymes e.g. alkaline 
phosphatase (Alk pase), leucine aminopeptidase (LAP), 
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X-glutamyl transpeptidase (GGtase) , sucrase-isomaltase 
and specific transport systems, respectively. The 
absorption of digested food and various ions occur by 
passive as well as active transport. The active 
transport of sugars and amino acid is an Na-dependent 
secondary active transport which is energised by the 
chemical and potential gradient due to the differences 
in Na+ concentrations across the membrane (BBM). (1, 2, 
3, 4) However, the energy provided by the transmembrane 
chemical and potential gradient is not sufficient to 
account for the complete energetics of the uphill 
transport processes in intestine (5) . The role of 
proton-motive force as a source of energy (interms of 
ATP) has also been demonstrated (6, 7, 8). Many of the 
Na-gradient driven transport systems are also energized 
and stimulated by H+-gradient in the presence or 
absence of Na+ (9, 10). Thus it appears that absorption 
of digested food in the intestine is dependent on the 
availability of energy besides other factors. 
The transport of Na+ by active process in the 
intestine and kidney has been reported to be dependent 
on the availability of ATP (1, 2, 3, 4, ll, 12, 13) 
indicating a linkage between transport processes and 
energy producing metabolic reactions (14,15,16,17). 
Earlier studies demonstrated a linear relationship 
between sodium transport and oxygen consumption (14) 
related to energy production by cellular metabolic 
activity. However, both aerobic as well as anaerobic 
metabolic reactions are known to be linked with ATP 
production (34,35,36,37,38). In both intestine and 
kidney, the enzymes related to gly colysis and 
tricarboxylic acid cycle have been demonstrated 
(18,19,20,21,22) to produce ATP. In intestine the 
activities of certain enzymes e.g. glucokinase^ 
glucose-6- phosphatase^ Fructose di 
phosphatase. Malic enzyme. Pyruvate kinase, glycerol -
3- P04 dehydrogenase have been reported (19, 23, 24, 
25, 26) . The activities of the metabolic enzymes, BBM 
enzymes and absorption of digestive products have been 
shown to be influenced by starvation, dietary variation 
and by certain drugs including environmental pollutants 
(27,28,29,30,31, 32,33) . 
Since small intestine and in particular its BBM is 
the major site for terminal digestion by the hydrolytic 
enzymes and absorption by various transport carriers, 
it would be necessary to study the activities of 
certain BBM enzymes and metabolic enzymes affected 
under various physiologic and pathophysiologic 
conditions, to further understand the functioning of 
small intestine under various conditions and to find 
out any linkage in the activities of BBM enzymes, 
metabolic enzymes and reported absorption of digested 
food. In the present study the activities of certain 
BBM enzymes and the enzymes of carbohydrate metabolic 
pathways were determined under fasting (or starvation) 
and Islamic fasting (Ramadan fasting) in the 
homogenates and where applicable in the BBM 
preparations. The results indicate that the enzymes 
were affected differentially under above conditions. 
(B) PRESKMT SIMS& QF T H KNOWLEDGE 
(i) mtestj-ne Anatomy aosi Physiology: 
Many complex compounds while passing through the 
small intestine are degraded into simple compounds 
which cross the intestinal epithelium before reaching 
the various body organs. Thus this epithelium not only 
regulates these diverse absorptive and secretory 
processes but also process the substances that traverse 
it. The small intestine extends from the pyloric orfice 
where it is continuous with the stomach to the 
ileocecal junction where it continues to the large 
intestine. It is divided into three distinct structural 
and functional parts: 
(i) Duodenum 
(attached by the memberane tissue called mesentry 
to the rear wall of the abdominal cavity. 
(ii) Jejunum 
(iii) Ileum 
In humans duodenum is 2 5 cm long whereas jejunum 
and ileum are 260 cm long (126). 
4 Mucous membrane < 
Vascular network, 
longisection oi villus 
Simple columnar epithelium 
with mucous cells 
Lamina propria, 
smooth muscle cells, blood vessels 
Central lymph capillary (lacteaO -
Openings of crypts (of Lieberkuhn) • . -
2 Muscularis externa . 
Subserous layer 
1 Serosa 
RG. X ^- layers dl the small intestine: A large surface is pfovided by villi for the absorption of required 
numments. The solitaiy lymph Ibflicles in the lamina propria o( the mucous membrane are not labeJed. In the 
stroma of both sectioned villi are shown the central chyle (lactea!) vessels or the villous capillaries. (From; 
Saboaa/Figgc: AOss Of Human Anaaxry. New YaK Hafner. 1974. with permission) 
The function of the small intestine is: 
(i) To transport partially digested food material 
(chyme) from the stomach to the large intestine. 
(ii) To complete digestion by secretion of hydrolytic 
enzymes and the enzymes embedded in its BBM. 
(iii) To absorb final products of digestion and 
transport them into the blood and lymph vessels. 
(iv) To secrete certain hormones. 
To perform all these functions the absorptive 
surface is greatly amplified by transverse folds known 
as Plica Circularis. The small intestine is consisting 
of four layers, (i) serosa (outermost), (ii) muscularis 
mucosa, (iii) submucosa and (iv) mucosa (innermost). 
Muscularis mucosa which is deepest layer and is a 
continuous thin sheet of smooth muscle 3-10 cells thick 
that separate the mucosa from the submucosa. 
The inner most layer of the intestinal mucosa is a 
continuous sheet of epithelial cells, one cell thick 
which is separated from the underlying lamina propria 
by a thin continuous basement membrane composed of two 
parts (i) a basal lamina that is in direct contact with 
the basal surface of the epithelium and (ii) a deeper 
layer of reticular fibres and glycoprotein comective 
tissue ground substances that adheres to the lamina 
propria side of basal lamina. The crypt epithelium is 
formed by (a) undifferentiated cells, which are 
actively proliferating and may be seen in mitosis; (b) 
mucus secreting goblet cells,- (c) a variety of 
different endocrine epithelial cells; (d) rare 
caveolated or tuft cells and (e) the paneth cells with 
large secretory granules in most mammals (39). 
The epithelium of small intestine is rapidly 
proliferating tissue in which old cells are discarded 
into lumen and replaced by newer cells. This process 
takes 5-7 days in the proximal intestine and about 3 
days in terminal ileum. 
Absorptive cells: 
The absorptive cells of the small intestine are 
highly polarized tall columnar cells with a general 
architecture and structure that is similar to a number 
of other epithelial cell types such as colon, gall 
bladder and renal tubular epithelial cells whose major 
function is absorption (40) . They are distinguished by 
the presence of an apical s t r ia ted border which forms 
the absorbing surface in contact with luminal contents. 
The plasma membrane of t hese e n t e r o c y t e s c o n s i s t s 
mainly of two di f ferent regions,- brush border and the 
b a s o l a t e r a l membrane which are morpho log ica l ly , 
s t r u c t u r a l l y and funct ional ly d i f f e ren t . 
Brush border membrane; 
The mucosa of small intest ine has transverse folds 
known as Vi l l i , which are finger like projections 0.5-
1.5 mm in length. The v i l l i i s lined with a single 
layer of epithelial cel ls and containing a network of 
capi l lar ies and a lytiphatic vessel (Lacteals) . The free 
edges of the cells of the epithelium of the v i l l i are 
d iv ided i n t o minute m i c r o v i l l i which form a brush 
border separating the luminal from the epi thel ium. I t 
i s about 10 nm thick (41,42). I t has been estimated 
t h a t m i c r o v i l l i i n c r e a s e the a p i c a l su r face a rea 
approximate ly 14-40 fold (43 ,44) . The number of 
m ic rov i l l i present per c e l l vary from 600-1000 (43). 
These v i l l i are coated with plasma membrane and are 
approximately 1-2 um high and 0.1-0.2 urn wide. 
The plasma membrane covering the microvilli is 
covered with polysaccharide coat referred to as 
glycocalyx. It consists of glycolipids and 
glycoproteinic enzymes that hydrolyze carbohydrate and 
peptides. The cytoplasm beneath the microvilli contain 
fine filaments known as terminal web. The product of 
digestion may go through the microvillar membrane 
traversing the terminal web into cytoplasm. Eventually 
the material leaves the cell by crossing either lateral 
or basal plane membrane and it peneterates intestinal 
lamina propria where it traverses the lymphatic system 
to gain access to lymph or blood by diffusion. It is 
known that differentiation and maturation of 
enterocytes while progressing across the crypt villus 
is associated with marked changes in brush border 
enzyme activity (45). 
The apical plasma membrane of mammalian small 
intestinal absorptive cells has a trilaminar appearance 
when viewed in cross section with transmission electron 
microscope. The existence of a lipid bilayer has been 
confirmed by X-ray diffraction (46) . The brush border 
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glycohydrolases are also part of the glycocalyx (47) . 
The glycocalyx provides stability to the brush border 
and is responsible for adhesion and separation of food 
particles according to the size and charge and has 
receptors for hormones, lectins and toxins. It also has 
the ability to absorb biologically active molecules 
including digestive pancreatic enzymes. 
The absorptive cell microvillus membrane is 
characterized by the presence of numerous intramembrane 
particles (IMPS) (48,49,50,51). The microvillus 
membrane has a distinctive chemical composition. It is 
rich in protein and glycoprotein,- with a protein to 
lipid ratio of approximately 1.7 to 1.0 as determined 
in preparation of purified microvillus membrane 
(52,53,54). The high protein to lipid ratio correlates 
with the large number of IMPs seen in eibsorptive cell. 
Microvillus membrane is rich in cholesterol and 
glycolipids (55,56,57). Indeed the molar ratio of 
cholesterol to phospholipid to glycolipid has been 
reported as 1:1:2 (53). The high protein to lipid ratio 
and the high cholesterol and glycolipid content of MVM 
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appears to contribute to its slow membrane fluidity as 
noted in fluorescence polarization studies (58,59). 
BBM is involved in both digestion and absorption 
of nutrients because it contains a number of hydrolytic 
enzymes and transport carrier systems. The hydrolytic 
enzymes include disaccharidases, dipeptidases, 
oligopeptidases, GGTase, enterokinase, gluco-amylase, 
maltase, lactase, sucrase, phlorizin hydratase, 
trehalase, alkaline phosphatase and guanylate cyclase 
(60) . The outwardly directed bulk of these glycoprotein 
carries the hydrolase active site (61) . The molecular 
weight of glycoprotein ranges upwards of 80 
kilodaltons, while large molecular weight MVM proteins 
are largely external and anchored into the membrane 
with only a small hydrophobic stalk, the smaller weight 
membrane proteins such as alkaline phosphatase and 
ATPase are more deeply embedded within the membrane 
(61) . 
Alkaline phosphatase and sucrase have different 
topological arrangement in the microvillus surface, 
sucrase being superficially located and Alk Pase is 
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deeply embedded in the membrane plane (62). Though 
sucrase and leucine amino peptidase have similar 
topology in the microvillus memberane they exhibit a 
differential developmental pattern in the intestine 
(63,64). 
(ii) BBM enzymes - imdsE various conditions; 
The intestinal microvillar membrane is highly 
differentiated to perform a variety of digestive and 
transport functions and there is considerable 
information concerning the membrane proteins 
responsible for many of these discrete mechanisms (60) 
These proteins including BBM disaccharidases and 
hydrolases have been demonstrated to be involved in 
digestion and absorption of nutrients. The activities 
of these enzymes are reported to be influenced by the 
composition and amount of diet (65) by fasting (66) , 
undernutrition imposed during post natal development 
(67, 68), and also to daily rythmic changes (69) as 
well as proximal to distal variations in the small 
intestine (70) . The enzymic potential especially of 
mucosal crypt cells is of importance in the clinical 
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assessment of absorptive and digestive capacity in 
diseases which produce an abnormal gut surface 
associated with interruption of the normal maturation 
process (71) . 
It has been shown that disaccharidase activity in 
rat intestinal mucosa were increased by feeding a high 
carbohydrate diet and decreased with a low carbohydrate 
diet (72,73). The activity also decreased by fasting or 
starvation (29). The activities of these enzymes were 
also reported to be lowered by high fat and high 
protein diets (73,74). However, the feeding of a high 
protein or high fat diet to fasted rats resulted in the 
increase of disaccharidases as well as of peptide 
hydrolases and alkaline phosphatase (75). It has been 
further demonstrated that the changes in the mucosal 
membrane enzyme activities were broadly substrate 
specific i.e. type and amount of carbohydrate, fat and 
proteins in the diets, affected the activities of 
various disaccharidases and hydrolases differently. The 
activities of these enzymes are also known to vary with 
the region of the intestine and various dietary 
components also alter the activities differently 
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(31,76,77,80,84,85). 
Dietary manipulations that alter endogenous rat 
small intestinal enterocyte, cholesterol synthesis may 
modulate the microvillus membrane cholesterol content 
and fluidity and in turn influence certain enzymatic 
activities and transport processes (76,77). Dietary 
fats affect the activities of membrane bound enzymes in 
intestinal mucosa. The activities vary with the type of 
dietary fat. Ugolev and De Laey (78) reported that 
dietary fat affected digestion and absorption of 
nutrients coexisting in the diet. Corn oil and lard 
(long chain triglyceride) decreased specific activity 
of sucrase whereas MCT (8-10 medium chain 
triglycerides) increased it (79) . The activities of 
dipeptidases and alkaline phosphatase (Alk Pase) were 
also shown to be decreased by tributyrin. The shorter 
chain length fatty acids e.g. butyric acid, lauric 
acid, showed greater increase in activity of Alk Pase 
than long chain fatty acids eg. palmitic acid and 
stearic acid. Moreover, oleic acid was observed to be a 
powerful stimulant for Alk Pase as compared to 
15 
saturated fatty acids (78) . The effect appeared to be 
related with the solubility of the fatty acids. The 
effect of MCT was reported to be due to increased 
microvillus phospholipids of jejunal mucosa (79) . 
Feeding of fatty acids and amino acids devoid of 
phosphate, also stimulates Alk Pase activity during 
their absorption. It seems that the synthetic rather 
than hydrolytic action of the enzyme is being 
stimulated during fat assimilation (33,80,81,82). Mc 
earthy et al., (31), however, has observed no effect on 
the disaccharidases by high fat diet which they 
suggested was due to low amounts of carbohydrate in it. 
Various carbohydrates in the diet also affect BBM 
enzymes differentially. Rats fed on and isocaloric 
starch or sucrose containing diet showed increased 
activities of sucrase and maltase. The increase in the 
activities was proportional to the carbohydrate content 
in the diets (32,83). This effect was observed in all 
regions of the villus membrane within 18-24 hr (32). On 
the contrary refeeding of a high sucrose diet to 
starved animals increased sucrase activity only in 
lower parts of the villus (29,84,85) but lactase 
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activity was not changed. The activity (total and 
specific) of sucrase decreased during starvation while 
lactase exhibited an increase in the specific activity 
without a change in the total activity (29,30,86). Thus 
the regulatory effect of the activity of 
disaccharidases appeared to be influenced by preceeding 
dietary history of the experimental animals. Pectin a 
soluble dietary fiber affects proximal and distal 
intestine differently. The ileal, mucosal activities of 
maltase, sucrase and Alk Pase significantly increased 
in rats fed on an elemental liquid diet containing 2.5% 
pectin compared to the control rats fed an elemental 
liquid diet (87), but there was no significant increase 
in the activity of these enzymes in duodenum and 
jejunum. 
Many dietary proteins including casein, vitellin 
(phosphoproteins) and other proteins eq gelatin, 
albumin are known to affect the activity of AlkPase 
differently. Feeding of casein leads to increase in Alk 
Pase in intestinal mucosa (88,89) and in serum (91), 
while gelatin, albumin and Zein devoid of phosphate did 
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not a l t e r the enzyme a c t i v i t y (89). Certain amino acids 
devoid of phosphate , a l s o markedly s t i m u l a t e s the 
a c t i v i t y of Alk Pase (91) . In chick i t has been 
r epo r t ed t h a t i n t e s t i n a l AlkPase i s s t i m u l a t e d by 
phosphate d e f i c i e n c y and reduced by i n c r e a s i n g the 
amount of inorganic phosphate in the d i e t (92). 
Bazymes r e l a t e d is. carbohydrate metabollam 
The digested food conponents eg glucose, amino 
acids e tc . in the small in tes t ine are absorbed similar 
to the reabsorption by the renal tubular ce l ls in an 
energy dependent manner ( 3 8 , 9 3 ) . This energy i s 
supp l i ed by c e r t a i n me tabo l i c pathways. Although 
glutamine i s considered to be an important r e s p i r a t o r y 
fuel for the small i n t e s t i n a l mucosa (34,94) but the 
u t i l i z a t i o n of glucose, f a t t y acids or other subs t ra tes 
cannot be excluded for t h i s pu rpose . I t has been 
demonstrated in the l i v e r and kidney tha t glucose i s 
metabol ized by s e v e r a l pathways eg g l y c o l y s i s , TCA 
c y c l e , HMP-shunt pathway and i s s y n t h e s i z e d by 
g luconeogenes is ( 9 5 , 9 6 , 9 7 ) . in the small i n t e s t i n e 
these pathways are not s tudied sys temat ica l ly . However, 
the a c t i v i t i e s of ce r t a in enzymes belonging to these 
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metabolic pathways have been reported under various 
experimental conditions (18). The activities of 
hexokinase, glucokinase, 6-phosphofructokinase, 
fructose 1,6 bisphosphatase, glucose-6-phosphatase, 
citrate synthase, oxoglutarate dehydrogenase and 
glutaminase were reported in rat along the length of 
small intestinal mucosa (18,24). These studies have 
suggested that some of the glucose might be absorbed in 
certain portions of the small intestine by the 
absorptive cells which might be metabolized to lactate 
by glycolysis. The effect of starvation on certain 
enzyme activities was also observed (18,25). The 
observed increased activity of oxoglutaric 
dehydrogenase activity during starvation may have 
indicated increased capacity of TCA cycle and hence ATP 
generation by aerobic metabolism. The presence of the 
activities of G-6-Pase and FBPase has indicated the 
operation gluconeogenesis. An inter- relationship 
between the metabolism of glucose and glutamine as 
energy - producing substrate was also studied in the 
intestinal mucosa (98). It has been suggested that 
glutamine metabolism was dependent on the concentration 
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of glutamine and it was metabolized in a similar manner 
and at the same rate irrespective of the absence or 
presence of glucose. Similarly glutamine had no effect 
on the glucose metabolism. The observations were 
suggestive of separate entry for both glucose and 
glutamine in the epithelial cells. It was suggested 
that both glutamine and glucose are metabolized 
separately and glutamine itself might be converted to 
pyruvate to enter the TCA cycle through GTP-PEP-
carboxykinase and malic enzyme, both of which were 
reported to be present in intestinal mucosa (25,99). 
Sauer et al (26) has also reported the activity of an 
NADP - malic enzyme in the mitochondria of small 
intestinal mucosa sufficient enough to participate in 
the major energy producing pathway involving glutamine 
through TCA cycle. The research of Watford et al (100) 
on the basis of observed rate of O2 consumption in 
enterocytes has clearly indicated that while glutamine 
may degrade oxidatively to pyruvate; glucose through 
high rate of glycolysis also supplies large amount of 
pyruvate for further oxidation and for the production 
of alanine. Similar conclusions were also reached by 
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Hanson and Parsons (98). These results signify the 
unusually high aerobic glycolysis in the intestinal 
mucosa which has been known since the work of Warburg 
et al (101) and Dickens and Weil - Malherbe (87). Thus 
the functions of the small intestine appears to be 
metabolic as opposed to be absorptive. Thus the studies 
involving metabolic activities may in some way reflect 
the absorption properties of the intestinal mucosa. 
Scope of the dissertation 
Small intestine and its brush border membrcine is 
the major site where conqplex food is finally digested 
to useful nutrients and then absorbed before reaching 
to blood circulation (120). The process of digestion as 
well as absorption is a regulatory process which is 
regulated by various drugs, hormones, and is also 
affected by nutritional and dietary status. Small 
intestine is also the primary site for great exposure 
to hazardous and life threatening chemicals and other 
substances. Fasting or starvation is known for 
affecting not only the process of digestion and 
absorption but also for alteration in the structure and 
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metabolic status of the intestinal cells (66). 
Dietary imbalances and malnutrition (eg variations 
in dietary intake of major food components eg 
carbohydrates, fats and proteins) which occur due to 
socioeconomic and/or due to religious restrictions 
together with hazardous toxicological substances may 
result in alteration of the structure, metabolic 
activity and transport functions of the small 
intestine. High or low contents of carbohydrates, fats 
or proteins have been demonstrated to alter the 
activities of certain enzymes of brush border membranes 
involved directly or indirectly in terminal digestion 
and/or in the absorption of digested food materials. 
The activities of certain enzymes of carbohydrate 
metabolism (e.g. enzymes of glycolysis, TCA cycle and 
other related pathways) are known to be altered by 
fasting-starvation and other pathophysiologic 
conditions (18,25). These enzymes seem to be energy 
(ATP formation) producing enzymes which is essentially 
required for many cellular activities including the 
absorption of digested nutrients across the intestinal 
brush border membranes. 
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Recently Islamic fasting or Ramadan fasting 
practiced by Muslims world wide for about a month in 
which the dietary habbits are known to be changed 
during the course of this religious festivity is shown 
to affect the metabolic activities in the liver and 
kidney. The activities of BBM enzymes, metabolic 
enzymes and transport functions of the kidney were 
reported to be altered (113, 114). 
In view of the above discussion the aim of the 
present study was to determine the effects of fasting 
(or starvation) and Islamic fasting on the activities 
of (a) certain enzymes of brush border membrane and/or 
(b) certain enzymes of carbohydrate metabolism. The 
present results are discussed and compared with the 
available information. 
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Materials 
Animals 
Adult Albino r a t s (Wistar s t r a i n ) were purchased 
from Experimental Animal F a c i l i t y Centre AIIMS, New 
Delhi and Jamia Hamdard U n i v e r s i t y , New Delh i . 
Substrates of Marker BBM enzymes: 
p-Ni t rophenyl phosphate fo r a l k a l i n e phospha tase . 
Sucrose for sucrase were purchased from SRL I n d i a . 
Substrates of Carbohydrate metabolism enzymes; 
D-glucose-6-phosphate for glucose-6-phosphate 
dehydrogenase and glucose-6-phosphatase, pyruvate-Na 
for Lactate dehydrogenase, oxaloacetate for malate 
dehydrogenase, L Malic acid for malic enzyme, 
isocitrate for isocitrate dehydrogenase. Sodium 
succinate for succinate dehydrogenase Were purchased from 
Sisco, India. 
Miscel laneous : 
The chemicals used were of finest quality 
commercially available and their source is indicated 
against them. Glass distilled water was used in all 
experiments. 
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Chemicals 
Acrylamide 
Ammonium Per Sulphate 
Bromophenol Blue 
Bobine Serum Albumin 
p mercapto ethanol 
Commassie brilliant 
Blue R-250 
Source 
Sisco, India 
Sisco, India, 
B.D.H. England 
Sisco, India 
BioRad 
Calcium Chloride CaCl2 
Cysteine hydrochloride 
Copper Sulphate 
Dipottassium hydrogen 
orthophosphate 
3, 5 Dinitro Salicylic Acid 
Ether 
Qualigens India 
Sisco, India 
BDH, India 
Sisco, India 
CDH, India 
E Merck, India 
Folins Phenol Sisco, India 
Glycine 
Glycyl glycine 
SRL India 
Sisco, India 
Hydrocholoric Acid (HCl) 
lodonitro tetrazoluim Blue 
SRL, India 
Sigma Chemical Co., USA 
Mcuinitol CDH, India 
p-Ni t ropheno1 
Nicotinamide adenine 
dinucleotide reduced (NADH) 
Loba Chemical Co., India 
Sisco, India 
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N, N methylene Bis acrylamide Sisco, India 
Nicotinamide adenine 
denucleotide phosphate (NADP) Sisco, India 
Potassium dihydrogen 
Orthophosphat e 
Sisco, India 
Sodium Carbonate (Na2C03) Sisco, India 
Sodium Chloride (NaCl) Sisco, India 
Sodium Hydroxide (NaOH) Sisco, India 
Sodium lauryl sulphate (SDS) Sisco, India 
Sodium potassium tartarate Sisco, India 
Sulphuric acid {H2SO4) Sisco, India 
Tris (Hydroxymethyl) 
amino methane Qualigens, India 
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METHODS 
ggpgr j i l E x p e r i m e n t a l Desi<yn; 
A l b i n o r a t s of W i s t a r s t r a i n were s t a b i l i z e d on a 
s t a n d a r d r a t p e l l e t d i e t (Amrut, M a h a r a s h t r a , I n d i a ) 
and a d l i b i t u m of d r i n k i n g w a t e r f o r s e v e n d a y s b e f o r e 
s t a r t i n g e a c h e x p e r i m e n t . B o d y w e i g h t o f r a t s w e r e 
r e c o r d e d b e f o r e a n d a f t e r i n t r o d u c i n g s p e c i f i c 
e x p e r i m e n t a l c o n d i t i o n s a n d on t h e d a y of s a c r i f i c e . 
The r a t s w e r e s a c r i f i c e d u n d e r l i g h t e t h e r a n e s t h e s i a . 
The s m a l l i n t e s t i n e was r e m o v e d b y c a r e f u l s e p a r a t i o n 
o f t h e m e s e n t e r i c t i s s u e , w a s h e d a n d s l i t o p e n i n t h e 
m i d d l e a n d t h e s c r a p e d m u c o s a was u t i l i z e d f o r f u r t h e r 
a n a l y s e s a s d e s c r i b e d i n " M e t h o d s " . 
P r e p a r a t i o n o£ h o m o g e n a t e o f i n t e s t i n a l m u c o s a l 
s c r a p i n g s £ o r enzyme a n a l y s e s : 
Mucosal scrapings were homogenized with O.IM Tr i s -
HCl pH 7 .4 (15% homogenate) i n a P o t t e r - E l v e h e jem 
homogenizer (pass ing pu l se s ) f i t t e d wi th Teflon p e s t l e . 
The homogenate thus ob ta ined was c e n t r i f u g e d a t 4000 
rpm (2000 Xg) f o r 10 min i n a c o o l i n g c e n t r i f u g e 
(Beckman, J2-21) and the s u p e r n a t a n t of 2000 Xg was 
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used for enzyme assays. 
Intestinal Brush Border Meinbreuie (BBM) Preparation: 
The intestinal BBM was prepared as described by 
Kessler et al. (102) with few modifications (Fig 3). 
All procedures were carried out at 0-4 C except 
otherwise stated: 
a) The intestine was removed and washed with a 
buffer containing with 0.9% NaCl, ImM Tris-HCl, 
pH 7.5. 
b) The intestine was everted using blunt ended 
spatula and the mucosa was scraped by glass slide 
and the scrapings were collected in a beaker 
containing 50mM Mannitol 2mM Tris HCl pH 7.5. 
c) The mucosal scrapings were homogenized in the 
above buffered solution (5 ml buffer/g tissue) 
with 5 complete passes by Potter Elvehejem 
homogenizer. 
d) The homogenate was diluted with the above buffer 
(17 ml/gm tissue) and further homogenized using 
Ultra-Turrex (Germany) homogenized at high speed 
with three pulses of 30 seconds each with 30 sec 
interval in between each pulse. Aliquots of 
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mucosal homogenate were saved and quickly frozen 
for further analyses. 
Rat Intestine 
Everted & Washed with 
0.9% buffered saline pH 7.5 
Mucosal Scrapings 
(Ultra-Turrex) 
2TnM Tris, 50mM Mannitol 
High Speed homogenization, 
pH 7.5 
BBMV in homogenate 
Pellet Discarded 
Ca'''^  precipitation & 
Centrifugation at 2000 x g 
for 10 min. 
1 
BBMV in s u p e r n a t a n t 
BBMV p u r i f i c a t i o n 
c e n t r i f u g a t i o n a t 
35000 X g for 30 min. 
BBMV suspended in 5 0mM 
sodium malea te b u f f e r pH 6.8 
Fig. 3 Schematic representation 
from rat intest ine 
of BBMV preparation 
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e) Homogenate was than passed through four layers of 
cheeze cloth and anhydrous CaCl2 was added to the 
filtrate with constant stirring to a final 
concentration of lOmM. The solution was left on 
ice for 10-15 min. 
f) The homogenate was then centrifuged at 5000 rpm 
(800 xg) for 10 min in a Beckman J2-21 
refrigerated centrifuge using JA-17 rotor. 
g) Pellet was discarded and supernatant was 
recentrifuged at 35000 xg (17,000 rpm) in JA-20 
rotor for 3 0 minutes. 
h) Pellet was resuspended in a small volume (l-2ml) 
of the solution containing SOmM sodium maleate pH 
6.8 buffer with four complete passes by a loose 
fitting Bounce homogenizer (Wheaton, USA) and 
centrifuged at 35,000 xg (17,000 rpm) for 30 min 
in a 15 ml corex tube. 
i) The white outer fluffy portion of the pellet was 
resuspended leaving the dark brown center of 
pellet undisturbed (mitochondrial contamination) 
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and the above steps (h,i) were repeated. 
j) The final pellet was resuspended in sodium maleate 
buffer and homogenized by Douncer. The membrane 
suspension was quickly frozen in small aliquots 
for protein and enzyme analyses. 
Methods lfi£ Analyses 
(A) Protein Assay 
Protein was assayed by a modified method of Lowry 
et al. (103) as described by Shah et al. (104). 
Procedure: 
Aliquouts of intestinal homogenate and brush 
border membrane (BBM) were mixed with 0.5% SDS in a 
total volume of 0.8 ml. To each tube 2 ml of Alkaline 
copper reagent was added and after 10 min of incubation 
at room temperature, 0.2 ml of Folins reagent (IN) was 
added with brisk shaking and incubated for 3 0 min at 
room temperature. The absorbance of the blue colour 
developed was read at 660 nm in Spectronic-20 
spectrophotometer (Baush & Lomb). Bovine serum albumin 
was used as the standard to construct the calibration 
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curve. A tube containing only 0.5% SDS without any 
added protein was used as blank. The amounts of protein 
in the homogenate and BBM were determined from the 
calibration curve. 
(B) Bnzyme assays: 
The enzymes of carbohydrate metabolism were 
assayed in small intestinal mucosal homogenate and 
marker enzymes of brush border membrane were measured 
in respective H(s) and/or BBMV(s). All enzyme assays 
were conducted at zero order kinetics unless otherwise 
specified. One unit of enzyme activity is defined as 
the amount of enzyme required to catalyze the formation 
of one Ai mole of product per hour under specified 
experimental conditions. Specific activity is defined 
as the enzyme units per mg of enzyme protein. 
(i) Assay of carbohydrate metalolism enzymes: 
The assays were carried out measuring the 
extinction changes in Calbiometer fixed for 340 nm in a 
e 
final volume of 3.0 ml at room temperature (2 8-30 C) . 
The net reaction rate was measured by the difference of 
the extinction values obtained from addition of the 
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substrate and for actual enzymic reaction following the 
addition of the substrate. 
a) Glucose-6-phosphate dehydrogenase: 
(D-glucose-6-phosphate: NADP Oxidoreductase, E.G. 
1.1.1.49): The enzyme was measured by the method of 
Shonk & Boxer (105). Reaction mixture contained: Tris-
HCl buffer, pH 7.4, 150 umoles; MgCl2 10 umoles; 
glucose-6-phosphate 5 umoles; NADP 0.2 4 umoles and 0.6-
1.2 mg enzyme protein. Increase in absorbance at 34 0 nm 
was followed for 5 min. 
b) Lactate dehydrogenase: 
(L. lactate: NAD Oxidoreductase, E.G. 1.1.1.27): 
The enzyme was assayed by the procedure of Romberg 
(106). The reaction mixture contained: Tris-HCl buffer, 
pH 7.4, 150 umoles; MgGl2 10 umoles; sodium pyruvate 5 
umoles; NADH 0.24 umoles and enzyme protein 4.0-6.0 ug. 
Decrease in absorbance at 340 nm was followed for 5 
min. 
c) Malate dehydrogenase: 
(L-malate: NAD Oxidoreductase, E.G. 1.1.1.37): 
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This enzyme was assayed by the method of Ochoa (107). 
The reaction mixture contained: Tris-HCl buffer, pH 
7.4, 100 umoles; oxaloacetate 2.5 umoles; NADH 0.24 u 
moles and 4.0-6.0 ug enzyme protein. Decrease in absor-
bance at 34 0 nm was followed for 5 min. 
d) Succinate dehydrogenase (SDH): 
(E.G. 1.3.99.1): The enzyme was assayed by the 
method of Pennington (125) as described by Szczepanska-
Konkel,M. et al., (117). The reaction was started by 
the addition of 100 ul enzyme (80-100 ug enzyme 
protein) to 900 ul assay buffer containing- K2HPO4, 50 
mM; INT, 0.1%; Na-succinate, 50 mM; Sucrose, 25 mM; pH 
7.5 (final volume 1.0 ml). After incubation at 37 C for 
15 min, the reaction was stopped by the addition of 1 
ml 10% TCA. The color developed was extracted with 2.5 
ml ethyl acetate and read at 490 nm in DU 4 0 spectroph-
otometer (Beckmann). The results were expressed as 
m.E.U./mg protein/hr. (1 m.E.U. = 1.0 OD change). 
e) Malic enzyme 
(L-malate: NADP Oxidoreductase, E.G. 1.1.1.40: 
This enzyme was assayed following the procedure of 
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Ochoa (115). The reaction mixture contained: Tris-HCl 
buffer, pH 7.4, 100 umoles; MnCl2 10 umoles; L-malic 
acid 5 umoles; NADP 0.24 umoles and 0.6-1.2 mg enzyme 
protein. Increase in absorbance at 340 nm was recorded 
for 5 min. 
£) Glucose-6-phosphatase: 
(D-glucose-6-phosphate phosphohy drolase, E.C. 
3.1.3.9.): This enzyme was assayed according to the 
method of Swanson (116) as modified by Shull et al 
(111). The reaction mixture contained: Tris-HCl buffer, 
pH 7.4, 50 umoles; MgCl2 10 umoles; glucose 6-
phosphate, 10 umoles; and enzyme protein 2-3 mg. The 
reaction was stopped with 1.0 ml of 10% TCA after 60 
min and phosphorous estimated in the protein free supe-
rnatant by the method of Tausky & Shorr (112). 
g) Isocitrate dehydrogenase 
(LS- isocitrate: NADP oxidoreductase decarboxylat-
ing, EC 1.1.1.42). It was assayed according to the 
procedure of Ochoa (109) Reaction mixture contained 
Tris-HCl buffer, pH 7.4, 200 umoles; MgCl2, 110 umoles; 
MnCl2, 10 umoles; isocitrate, 10 umoles; NADP 0.24 
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umoles; and 1-2 tng enzyme p r o t e i n . I n c r e a s e in absorba-
ncy a t 340 nm was followed for 5 min. 
( i i ) Marker brush border menibraxie enzymes assay: 
The enzymes were assayed simultaneously in H and 
BBMV(s) where ever appl icable under s imi la r conditions 
by u s i n g same s o l u t i o n s t o a v o i d day t o day 
exper imenta l v a r i a t i o n s . 
(a) Alkaline phosphatase (Alk Pase) assay: 
(B .C.3 .1 .3 .3 .1 . ) : 
The a s s a y of a l k a l i n e p h o s p h a t a s e i n t h e 
homogenate and BBMV(s) was done accord ing t o t h e method 
of Shah e t a l (104) as de sc r i bed by Kempson e t a l 
(110) . 
Procedure: 
Aliquots of i n t e s t i n a l homogenate and BBMV(s) were 
d i lu ted with 10 mM Tris HCl buffer pH 7.5 t o obtain 
su i tab le p ro te in concentrat ion for assaying the enzyme. 
The r e a c t i o n m i x t u r e c o n t a i n e d 1.4 ml a s s a y b u f f e r 
(Glycine 55mM; NaCl 36mM/ NaOH 45mM; pH 1 0 . 5 ) ; 100 u l 
enzyme (25 ^9"^ p r o t e i n for i n t e s t i n a l homogenate and 4-
8 pgm for BBMV) . The r e a c t i o n was s t a r t e d by a d d i t i o n 
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of 20 ul of P-nitrophenyl phosphate (5.8mM final 
concentration) and incubated at 30 C for the required 
time (5-20 min). The reaction was stopped by adding 50 
ul of 5 N NaOH. A calibration curve was prepared 
simultaneously by using various concentrations of P-
nitrophenol (0.01 - 0.20 umoles). A reagent blank was 
also prepared. The yellow colour developed was read at 
405 nm in spectronic - 21 spectrophotometer (Baush & 
Lomb). 
(b) Assay of Sucrase: 
Sucrase activity was assayed by the method of 
Gold-Stein and Lampen (118). The reaction mixture 
(0.3ml) contained 5 0 ul of (O.IM) sodium maleate buffer 
pH 6, 200 ul of diluted enzyme for BBMV(s) and 
intestinal homogenate and 50 ul of O.IM sucrose 
solution. The assay mixture was incubated at 37 C for 
10 minutes and the reaction was terminated by addition 
of 2 00 ul of 0.2 M phosphate buffer pH 7.0 immediately 
followed by heating for 3-5 min. in a boiling water 
bath. Addition of PO4-buffer before heating markedly 
slowed down the reaction and rendered the enzyme more 
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sensitive to heat treatment. The tubes were cooled and 
0.5 ml of distilled water was added. Glucose thus 
liberated was determined by adding l.O ml of DNS 
reagent and kept in boiling water bath for 5 min. Again 
3.0 ml of distilled water was added. A calibration 
curve was simultaneously prepared using known 
concentration of glucose (0.5-2.5 umoles) and the 
colour was read at 540 nm in a Spectronic 20 
spectrophotometer against a reagent blank. 
(C) SDS - Poly acrylamide gel Electrophoresis: 
SDS - PAGE was preformed according to the method 
of Laemmli (119) using slab gel apparatus manufactured 
by Genei, India. Stock solutions were mixed in 
appropriate order and proportions to get a gradient gel 
of 5-15% and 3% stacking gel. It was then poured into 
the mold formed by two glass plates separated by 1.5mm 
thick spacers. Bubbles and leaks were avoided. A comb 
was inserted into the stacking gel solution before 
polymerization began. After the polymerization was 
complete the comb was removed. The wells thus formed 
were washed and overlaid with reservoir buffer. Stock 
solutions of 30% acrylamide containing 0.8% bis-
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acrylamide, 1.5 M Tris pH 8.8 and 6.8 and 10% SDS were 
prepared. Samples were prepared to give a final 
concentration of 1% (w/v) SDS, 0.5% (v/v) g -mercapto-
ethanol, 0.25 M Tris - HCl pH 6.8 and 10% (v/v) 
glycerol and a trace of tracking dye bromophenol blue. 
Samples were treated in a boiling water bath for about 
3 minutes. The electrode buffer contained 0.25M Tris, 
0.2 M Glycine, 0.2% SDS (pH 8.3). Electrophoresis was 
carried out at 70 volts for approximately 6-8 hours 
till the tracking dye reached the bottom of the gel. 
After completion of electrophoresis the gels were 
immediately subjected to fixation and stainiTig with 
0.1% coommassie brilliant blue, R-250 in 40% methanol 
and isopropanol and 10% acetic acid for 4-6 hr and 
then destained with 10% acetic acid. 
(D) Statistical analysis of the data: 
The data is expressed as the Mecin± SEM at least 
for three separate experiments. To determine 
statistical significance, the data was evaluated using 
the student's t-test (group or paired). 
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(A) Effect of fasting on brush border membrane enzymes 
of rat intestine 
This part of the study describes the effect of 1, 
3 or 5 d fasting on (a) body auid intestinal mucosal 
weight and (b) the activities of marker BBM enzymes. 
The experiments were conducted on wistar rats of 
either sex. The rats of 100-125 g body weight were 
housed in separate cages. As shown in Fig. 4 four 
groups of rats (4 rats per group) were staibilized on a 
standard diet for seven days and were given ad libetum 
water for drinking. The rats were then fasted for 1, 3 
or 5 d as indicated auid received 1% glucose-water for 
drinking during the fasting period. One group of rats 
received an NPD and 1% glucose-water and used as 
control. The body weights were recorded before and upon 
completion of the experiment. Upon sacrifice, the small 
intestine was taken out washed and the mucosa was 
scraped and utilized for further analyses as described 
in methods. The results of study are summarized as 
follows: 
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1 DAY FAST 
/ \ 
3 DAYS FAST 
5 DAYS 
NORMAL 
NPD 
FAST 
(NPD) 
1 2 3 4 5 6 7 8 9 10 11 12 
DAYS 
Fig. 4 
(a) Body weight and weight of intestinal mucosa: 
As shown in Table 1 the control rats on continuous 
feeding showed a significant increase (+42%) in the 
body weights as compared to the weight recorded at the 
start of the experiment (106±0.5). However fasted rats 
lost their body as well as mucosal weights. Fasting for 
1 d did not produce any significant chcinge in the body 
weight while mucosal weight declined significantly 
(-20%). However the body weight lowered significantly 
and progressively after 3 and 5 d fasting. The weight 
of intestinal mucosa, was further declined after 3 and 
5 d fasting. The decrease appeared to be linear with 
the duration of fasting. 
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Table 
Effect of fasting on body weight, mucosa weight of rats 
Group Body weight % Change in Mucosa weight 
(gms) body weight per rat 
(gms) (gms) 
Control 149.10±4.15 +42 4.2 
Id fasting 112.50±6.85 +4 3.4 
3d fasting 86.60±4.02 (c) -18 2.8 
5d fasting 66.60±4.51 (c) -37 2.1 
(a) Results are expressed as Mean ± SEM for n=6 rats 
in each group. 
(b) Starting meam body weight was 106.25 ± 0.54 for 
n=24 rats. 
(c) Significantly different from the weight as in (b) , 
p< 0.05 or higher degree of significance. 
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(b) Marker BBM enzymes: 
The effect of 1, 3 and 5 d fasting was determined 
on the activities of alkaline phosphatase (Alk Pase) and 
sucrase in the homogenates and BBMV isolated from 
intestinal mucosa and the results are summarized in 
Tables 2-5. The effect of fasting was differentially-
observed on the activities of above enzymes. The 
activity of Alk Pase declined significantly (-27%) in 
the BBMV after 1 d fasting as compared to control rats. 
The activity was further lowered (-42%) significantly by 
3 d fasting and even further declined in BBMV by 5 d 
fasting. However the activity of Alk Pase was not 
altered in the homogenates after 1, 3 and 5 d fasting 
(Table 2). 
On the other hand, the activity of sucrase was 
differentially affected by 1, 3 and 5 d fasting. In 
contrast to Alk Pase, the activity of sucrase was 
profoundly lowered (-42%) in the BBMV by 1 d fasting 
(Table 3). Then the effect of fasting was attenuated and 
the decrease in sucrase activity was observed to be only 
(-26%) after 3 d fasting. Nevertheless, the activity was 
again lowered (-49%) significantly by 5 d fasting. 
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TABLE-2 
Effect of fasting on Alkaline phosphatase (Alk Pase) 
activity. 
Group BBMV Homogenate 
Control 49.21±2.59 5.49±0.431 
Id fasting 35.82±0.742* 6.47±1.180 
(-27%) 
ad fasting 28.37+1.28* 5.00±0.562 
(-42%) 
5d fasting 23.27+1.09* 5.4+0.707 
(-53%) 
Results (specific act ivi t ies expressed as u mol/mg 
protein/hr) are Mean±SEM of 3 separate preparations. 
* Significantly different from control p<.05 or higher 
degree of significance. 
Value in parantheses denotes percent change from 
control values. 
45 
50 
^ 4 0 
r c 
;^  • 3 0 -
u O 
s ? 
- - 10 
OL 
1 
Control 1 ^ 1 30F 
IDF rvrnsoF 
aS 
( X 
N 
Doys Of Fasting 
Fig.5 Effect of fasting on the specific activity of Alk Pase 
in BBM. 
Each bar represents results of Mean + SEM. 
•Significantly different from Control, p. 
higher degree of significance. 
05 or 
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Kinetic studies on the effect of fasting indicate 
that the activities of Alk Pase and sucrase decreased 
differentially by fasting. While the decrease in the 
activity of Alk Pase was largely due to the decrease in 
Vmax values, sucrase activity was lowered due to 
alterations in both Vmax and Km values (Table 2,3 Fig. 
5,8). The Vmax values of Alk Pase declined linearly 
with the increasing duration of fasting. The Vmax 
values were lowered by 19%, 34% and 42% due to l, 3 and 
5 d fasting, respectively. However Km values were not 
changed by 1 and 3 d fasting and only slightly and 
insignificantly lowered (-14%) by 5 d fasting. 
Similar to the effect observed (Table 5) sucrase 
activity was lowered due to profound lowering of Vmax 
(-54%) by 1 d fasting but without changing Km. However, 
the severity of the decreasing effect on the activity 
of sucrase was attenuated by 3d fasting and the 
lowering of Vmax was observed to be of lesser extent (-
14%) as compared to the effect by Id fasting but Km was 
significantly lowered (-34%) by 3 d fasting as compared 
to 1 d fasting. Moreover, the decrease in the sucrase 
activity by 5 d fasting was due to the found decrease 
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TABLE-3 
Effect of fasting on kinetic parameters of Alkaline 
phosphatase. 
Group V max 
(u mole/mg 
protein/hr) 
% Change Km x lO'^M % Chemge 
from from 
control control 
Control 
Id fasting 
3d fasting 
5d fasting 
95.23 
76.92 
62.5 
55.55 
19% 
34V 
42% 
. 8 3 
. 8 3 
. 8 3 
. 7 1 •14% 
Results were obtained from Lineweaver burk plot 
(Fig.6 ). 
48 
- .OAr 
c 
a* 
o 
o Control 
• IDF 
A3DF 
i 5 D F 
.60 - 2 0 .20 
'/CSDmM""' 
Fig. 6 Effect of fasting on Lineweaver -Burk plot of BBM -
Alkaline phosphatase. 
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Fig.7 Effect of fasting on the specific activity of sucrase 
in BBM. 
Each bar represents results of Mean +^ SEM. 
•Significantly different from Control, p. < .05 or 
higher degree of significance. 
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TABLE-4 
Effect of fasting on sucrase activity 
Group BBMV Homogenate 
Control 
Id fasting 
3d fasting 
5d fasting 
335.74±23.91 
192.03±1.94* 
(-42%) 
2.46.61±30.64* 
(-26%) 
168.76±1.74* 
(-49%) 
22.3 9±3.96 
19.02±4.93 
(-15%) 
27.36±4.34 
(-22%) 
29.91±11.28 
(-33%) 
Results (specific activities expressed as umole/mg 
protein/hr) are meani SEM. for 3 separate preparations. 
* Significantly different from control p<.05 or higher 
degree of significance. 
The value in paranthesis denotes percent change from 
control values. 
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TABEL-5 
Effect of fasting on kinetic parameters of sucrase 
Group 
Control 
Id fasting 
3d fasting 
5d fasting 
V max 
(u mole/mg 
protein/hr) 
333.33 
153.84 
285.71 
100 
% Change 
from 
control 
-54% 
-14% 
-70% 
Km X lO'^M 
5 
5 
3.3 
1.2 
% Change 
from 
control 
-34% 
-76% 
Results were obtained from Lineweaver Burk plot (Fig.a )-
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Fig. 8 Effect of fasting on Lineweaver Burk plot of BBM 
sucrase. 
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in both Vmax (-70%) and Km (-70%) alike (Table 5, 
Fig. 8) . 
(c) Protein profile by SDS-PAGE: 
The effect of fasting was also examined on the 
protein file of BBMV by SDS-PAGE. Analysis of SDS-PAGE 
slab stained for protein with coomassie blue showed a 
typical protein pattern for rat kidney BBMV 
preparations as reported earlier (128) . The pattern of 
protein bands was indistinguishable for major proteinic 
components in control and 1, 3 and 5 d fasted rats. 
However some minor protein bands (in high molecular 
weight range) clearly disappeared by fasting while new 
bands appeared mostly in the lower molecular weight 
range as marked by arrows (Fig. 11). 
(d) Temperature Stability: 
The effect of temperature was determined on the 
a c t i v i t i e s of AlkPase and sucrase in the BBMV prepared 
from 1, 3 and 5d fasted animals. Aliquots of enzyme 
p r o t e i n were p r e i n c u b a t e d a t d i f f e r e n t t e m p e r a t u r e s 
0 0 
from 10 C to 70 C for 10 min and the activities of Alk 
Pase and sucrase were determined accordingly. It was 
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^ 60 
Fig. 9 Effect of temperature on the stability of Alk Pase 
in fasted rats. 
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Fig.10 Effect of temperature on the stability of sucrase 
in fasted rats. 
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Fig.11 SDS polyacrylamide gel electrophoresis, 
Control 
1 Day Fast 
3 Day Fast 
5 Day Fast 
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observed that both Alk Pase and sucrase showed the 
similar activity patterns in control and 1, 3 and 5d 
fasted rats indicating that fasting had no effect on 
the stability of the enzymes (Fig. 9,10). 
(B) Effect of Islamic fasting on rat intestinal 
enzymes: 
This part of the study describes the effect of 
Islamic Fasting of 30d with 12 hr fasting- 12 hr 
feeding cycle on (a) body and intestinal mucosal weight 
and (b) the activities of the enzymes of carbohydrate 
metabolism in the homogenate. 
Experimental (^ egiqp; 
Wistar rats of mixed sex weighing about 130-200 gm 
used in the study were initially adapted on a standard 
diet for atleast seven days. The rats were than 
separated into two groups (4 rats per group) as 
illustrated in fig. (ll) . One group was put on Islamic 
fasting (12 hr. fasting -12 hr. feeding) with standard 
diet and ad libitum drinking water for 30 days while 
the other group received standard diet for the same 
period and was used as control. During Islamic fasting 
the rats where allowed free access to the diet and 
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water in the night for 12 hr, while they were fasted 
for 12 hr. in the day time. The body weights were 
recorded before and after completion of the experiment. 
Upon complition of the experiment the intestinal mucosa 
was scraped and used for further analyses as described 
in "Methods". The results of the study are summarized 
as follows: 
IF (Islamic Fasting) 
NPD 
• 
12 hr. fasting -12 hr. 
Control (NPD) 
- ^ — •» 
refeeding 
^ 7 Days. ^ ^ 3 0 days 
Fig. 12 
(a) Body weight and weight of intestinal mucosa: 
The body weight of the rats increased after 
Islamic fasting (IF) both in the control and 
experimental rats. However, the increase was more in 
control rats (+68%) as compared to the weights recorded 
at the start of the experiment (145.95 ± 7.75). The 
weight of intestinal mucosa was slightly lowered (-22%) 
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TABLE-6 
E f f e c t of I s l a m i c F a s t i n g on body w e i g h t and i n t e s t i n a l 
mocosa we igh t of r a t s . 
Group Body w e i g h t 
(gms) 
% Change 
i n body 
weigh t (gms) 
I n t e s t i n a l 
mucosa l 
w e i g h t / r a t 
(gms) 
C o n t r o l 2 4 5 . 8 3 + 7 . 6 7 +68% 4 . 3 + . 4 7 
Islamic 
fas t ing 
226.92+8.66 +55% 3 . 3 2 ± . 5 4 4 
(-22%) 
(a) Results are expressed as Mecin±SEM for n = 4 r a t s 
i n each g roup i n each of t h e t h r e e d i f f e r e n t 
preparations 
(b) Starting mean body weight was 145.95±7.75 for 
n =24 rats 
(c) The value in parentheses denotes % change from 
control value 
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due to Islamic fasting as compared to control rats. 
(b) Enzymes of carbohydrate metabolism: 
As can be seen from Table 7 to 13 fig . Islamic 
fasting resulted in increase of the enzymes belonging 
to glycolysis, gluconeogenesis and TCA cycle. The 
activities of SDH, ICDH and MDH were increased (+82.6%, 
+63%, +106%) to much greater extent than the activity 
of LDH (+34%) (Fig. 13,14,15 Table 7-10). Among the 
enzymes of TCA cycle the activity of MDH was profoundly 
increased (+106%) as compared to the activities of SDH 
(83%) and ICDH ( + 63%) . In addition the activity of 
gluconeogenic enzyme G6Pase was also increased by 
Islamic fasting although to a lesser extent (+22%) as 
compared to enzymes of glycolysis and TCA cycle. The 
effect of Islamic fasting was also determined on the 
activities of G6PDH (an enzyme of HMP- shunt pathway) 
and malic enzyme (an enzyme of biosynthetic importance) 
together involved in the supply of NADPH. In contrast 
to other enzymes of carbohydrate metabolism the 
activities of G6PDH and malic enzyme decreased 
significantly (Table 12,13, Fig. 14) . 
61 
TABLE-7 
Effect of Islamic Fasting on the specific activity of 
LDH in homogenates of intestinal mucosa. 
Group Activity % Change 
from control 
Control 8.25±.635 
Islamic 11.03±.526* +34% 
Fasting 
Results (specific activities expressed as umol/mg/ 
protein/hr are Mean±SEM of three different preparations 
each priparation included intestinal mucosa from 5-6 
rats in each group. 
* Significantly different from control p<.05 or higher 
degree of significance by group t - test. 
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TABLE-8 
Effect of Islamic Fasting on the specific activity of 
4^DH in homogenate of intestinal mucosa. 
Group Activity % Change from control 
Control 5.27±1.35 
Islamic 10.86±1.31* +106% 
Fasting 
0 
Results (specific activities expressed as nmol/mg/ 
protein/hr are MeanjiSEM of three different preparations 
each preparation included intestinal mucosa from 5-6 
rats in each group. 
* Significantly different from control p<.05 or higher 
degree of significance by group t - test. 
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•Significantly different from control, p. 
degree of significance. 
,05 or higher 
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TABLE-9 
Effect of I s l amic Fas t i ng on t h e s p e c i f i c a c t i v i t y of 
S u c c i n a t e d e h y d r o g e n a s e i n t h e h o m o g e n a t e s of 
i n t e s t i n a l mucosa. 
Group A c t i v i t y % Change from c o n t r o l 
C o n t r o l 2 5 8ii41 
I s l a m i c 47it33* +82.6% 
F a s t i n g 
R e s u l t s ( s p e c i f i c a c t i v i t i e s e x p r e s s e d a s mEU/mg 
p r o t e i n / h r a r e MeaniSEM of t h r e e d i f f e r e n t p r e p a r a t i o n s 
e a c h p r e p a r a t i o n i n c l u d e d i n t e s t i n a l mucosa from 5-6 
r a t s i n each g r o u p . 
* S i g n i f i c a n t l y d i f f e r e n t from c o n t r o l p< .05 o r h i g h e r 
d e g r e e of s i g n i f i c a n c e by g r o u p t - t e s t . 
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TABLE-10 
Effect of Islamic fasting on the specific activity of 
ICDH in homogenates of intestinal mucosa. 
Group Activity % Change 
from control 
Control 40±.9 
Islamic 72±6.2* +63% 
Results (specific activities expressed as n mol/mg/ 
protein/hr are Mean±SEM of three different preparations 
each preparation included intestinal mucosa from 5-6 
rats in each group. 
* Significantly different from control p<.05 or higher 
degree of significance by group t - test. 
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TABLE-11 
Effect of Islamic Fasting on the specific activity of 
glucose-6-pase in the homogenates of intestinal mucosa. 
Group Activity % Change from control 
Control 470±15 
Islamic 571±22* +21.5% 
Fasting 
Results (specific activities expressed as nmol/mg/ 
protein/hr are Mean±SEM of three different preparations 
each preparation included intestinal mucosa from 5-6 
rats in each group. 
* Significantly different from control p<.05 or higher 
degree of significance by group t - test. 
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Fig.16 Effect of Islamic fasting on the specific activity of 
G6Pase in the homogenate of intestinal mucosa. 
Each bar represents results of Mean + SEM. 
*Significantly different from Control, p. < 
degree of significance. 
05 or higher 
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TABLE-12 
Effec t of I s l amic f a s t i n g on the s p e c i f i c a c t i v i t y of 
G6PDH in homogenates of i n t e s t i n a l mucosa. 
Group A c t i v i t y % Change from con t ro l 
Cont ro l 323±11 
I s l amic 216±12* -33% 
F a s t i n g 
R e s u l t s ( s p e c i f i c a c t i v i t i e s e x p r e s s e d a s n m o l / m g / 
p r o t e i n / h r a r e Mean±SEM of t h r e e d i f f e r e n t p r e p a r a t i o n s 
e a c h p r e p a r a t i o n i n c l u d e d i n t e s t i n a l mucosa from 5-6 
r a t s i n e a c h g r o u p . 
* S i g n i f i c a n t l y d i f f e r e n t from c o n t r o l p< .05 o r h i g h e r 
d e g r e e of s i g n i f i c a n c e by g roup t - t e s t . 
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TABLE-13 
Effect of Islamic fasting on the specific activity of 
Malic enzyme in the homogenates of intestinal mucosa. 
Group Activity % Change from 
control value 
Control 
Islamic 
473+17 
305+36 •35.5% 
Results (specific activities expressed as n mol/mg/ 
protein/hr are Mean±SEM of three different preparations 
each preparation included intestinal mucosa from 5-6 
rats in each group. 
* Significantly different from control p<.05 or higher 
degree of significance by group t - test. 
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The small intestine of the gastro-intestinal tract 
is the major and primary site exposed to various dietary-
components including nutrients, drugs, and other 
hazardous and non-hazardous chemical substances. These 
influence the functioning of the small intestine for 
digestion and absorption processes. The socio-economic 
(hunger and malnutrition) and religious restriction and 
other environmental conditions are known to alter the 
structure and functions of the small intestine. The 
microvillus surface (the brush border membrane, BBM) of 
the small intestine repi^ents a highly differentiated and 
metabolically active compartment which contributes to 
the end states of digestion and active transport of 
nutrients as well as providing an important barrier to 
the penetration of toxic substances present in the 
external environment. These functions are specifically 
carried out by various enzymes e.g.; hydrolases such as 
alkaline phosphatase (AlkPase), Y~9lutamyl transferase 
(GGtase) leusine aminopeptidases and disaccharidases 
such as sucrase, lactase, and sucrase- isomaltase, and 
various transporting proteins (carriers) present in the 
brush border membrane (BBM) lining the enterocytes, the 
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intestinal cells. The metabolic activity of the cell 
also affects these systems by contributing energy 
required for many of these processes. It has been 
demonstrated that the energy is not only provided by the 
trans membrane chemical potential gradient but also by a 
protO n-motive force generated during the metabolism 
occurred in the cell (5) . It has been clearly indicated 
that the absorption of digested food in the small 
intestine is dependent on the availability of the energy 
and on the gradient of Na+ ions (1,2,3,4). A linkage 
between the transport processes and energy producing 
metabolic reactions and between the sodium transport and 
oxygen consumption have been demonstrated both in the 
kidny and small intestine (14-17) . Also the enzymes of 
carbohydrate metabolism e.g. glycolysis, TCA cycle and 
related pathways have been reported in the intestine as 
in the kidney and the liver (19,23-26). 
The hydrolases, disaccharidases and the metabolic 
enzymes have been shown to be affected by nutritional 
and other dietary manipulations (27-33) . Certain 
structural and functional components e.g. hydrolases, 
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disaccharidases and metabolic enzymes are known to be 
influenced by fasting or starvation and by different 
dietary components (e.g., various carbohydrates, fats 
and protein's) in the small intestine. They are also 
known to be altered by certain hormones, drugs and 
other toxic or non-toxic chemical substances. 
In view of the above, the main aim of this study 
was to determine the effects of (a) fasting or 
starvation, (b) fasting refeeding, (c) Islamic 
(Ramadan) fasting, (d) high dietary carbohydrates, (e) 
high dietary proteins and (f) high dietary fats and (g) 
some other conditions on the structural and functional 
components of the small intestinal cell and its 
cellular brush border membrane (BBM). The data of the 
present research would be compared with some of the 
already published research work to gain an insight into 
role of certain structural and functional components to 
understand the structure and functions of the small 
intestine in digestion and absorption under physiologic 
and pathophysiologic conditions. 
The immediate aim of the present research work 
presented in this dissertation was an effort to partly 
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evaluate the effects of 1,3, and 5d fasting, and 
Islamic fasting (12 hr fast followed by 12 hr. feeding) 
for 30 days on the activities of: 
a) Certain marker BBM enzymes e.g., alkaline 
phosphatase, and sucrase in the homogenates of 
intestinal mucosal cells and its isolated BBM. 
b) Certain enzymes of carbohydrate metabolism and 
related pathways e.g. glycolysis, TCA cycle, HMP-
Shunt pathway, gluconeogenesis and enzymes of 
biosynthetic importance and 
c) On the electrophoretic profile of proteinic 
components of the BBM. 
The other part of the work is in progress and would be 
successfully completed during the course of Ph.D. 
thesis. 
As described in the "Results" 1,3 and 5d fasting 
resulted in the significant loss of both body as well 
as mucosal weights as compared to control rats (Table 
1) . By 1 d fasting no significant change in the body 
weight was observed however the mucosal weight 
significantly (-20%) lowered. Further fasting for 3, 
and 5d resulted in significant and greater loss of both 
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body and mucosal weights. 
The effect of 1,3 and 5d fasting was also 
determined on the activities of Alk Pase and sucrase 
both in the mucosal homogenates (MH) and isolated 
BBMV(S). The activity of Alk Pase in the mucosal 
homogenates due to 1,3, and 5d fasting was not changed. 
However, the activity was significantly lowered in the 
fasted than the control rats. The effect of l,3,5d 
fasting was linearly proportion to the duration of 
fasting and the maximum effect was observed after 5d 
fasting (Table -2, fig. 5). In contrast to Alk Pase, 
the activity of sucrase was significantly declined both 
in MH as well as BBMV preparation of 1,3, and 5d fasted 
rats. In the homogenates the sucrase activity 
significantly declined after 1,3 and 5d fasting. On the 
other hand in BBMV{s) the activity was profoundly 
lowered (+42%) after Id fasting. The effect of 3d 
fasting was not so pronounced and the effect appeared 
to be attenuated. However, the activity of sucrase was 
again significantly lower^(^f\C-§^)jUr^|ter 5d fasting 
(Table 3, fig. 7 ) . l-r-^j-zr- "'^'^ 
The kinetic analysis * :^ v^feaje*;v{tihat the kinetic 
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parameters of Alk Pase and sucrase activity were 
differently altered by 1,3 and 5 fasting. Similar to 
the effect on the activity the maximum rate of Alk Pase 
activity (Vmax) were linearly lowered by l,3,5d 
fasting. However, the Km values were not altered by 1,3 
fasting but slightly lowered (-14%) only after 5d 
fasting. The effect of l,3,5d fasting on the kinetic 
parameters of sucrase activity was accordingly observed 
as was observed earlier on the specific activities. The 
activity of sucrase declined due to significant 
decrease of Vmax value (-54%) by id fasting without any 
effect on the Km, However, decrease in the severity of 
the effect of 3d fasting was apparent as the vmax 
values were decreased only (-14%) . Nevertheless, Km was 
significantly lowered by 3d fasting. The effect of 5d 
fasting (-34%) was maximally observed as can be seen by 
70% reduction of Vmax and -76% Km values. The data 
clearly indicate that fasting affects AlkPase and 
sucrase of the same BBM differently. This can be 
attributed to the fact that AlkPase and sucrase are 
differentially localized in the membrane (62) and are 
differentially affected by certain proteolytic enzymes 
(12 7). Although previous studies has reported decrease 
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in the activities of Alk Pase (121-124) and sucrase 
(29) by fasting but the present studies provide a novel 
pattern of changes of above two enzymes by 1,3 and 5d 
fasting. In particular, the observation that the 
sucrase activity drastically reduced (-42%) by Id 
fasting while less reduction (-26%) was observed by 3d 
fasting which was again profoundly lowered by 5d 
fasting. However the AlkPase activity linearly lowered 
by increased duration of fasting. These specific effect 
of fasting on these two enzyme might be dependent on 
the metabolic status of the animal as a whole and in 
the intestine in particular. It may be possible that 
the carbohydrates might have synthesized from the 
degraded product of the protein by gluconeogenesis 
which may be responsible for the observed pattern of 
sucrase activity during 1,3 and 5d fasting. The results 
further indicate that the electrophoretic profile of 
protein were grossly not altered nor the thermal 
stability was affected by the fasting (Fig. 9-11). As 
has been shown in liver and tissues fasting caused 
changes due to altered synthesis and/or degradation of 
the enzyme molecules rather than causing changes in 
their physical properties which were also supported by 
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the observed changes in the Vmax values. 
In the second series of the experiments the effect 
of Islamic (Ramadan) fasting was observed on the 
activities of certain enzymes of carbohydrate 
metabolism. As compared to total fasting the body 
weights were found to be increased from their original 
weight recorded at the start of the experiments and the 
mucosal weights were marginally lowered (Table 6). 
It has been reported that 48 hr. fasting causes 
reduction in the activities hexokinase, glucokinase and 
phosphofructokinase (enzymes of glycolysis) while the 
activities of gluconeogenic enzymes e.g. GGPase and 
FBPase were shown to be increased by 48 hr fasting 
(18). After 30d of Islamic fasting in which the animals 
alternately fasted for 12h and refed for 12 hr, the 
activities of the activities of the enzymes of 
glycolysis, TCA cycle and gluconeogenesis were 
significantly increased by 30d Islamic fasting (Table. 
7-13, Fig. 13-16) . The activity of LDH was moderately 
increased (+34%) however the activities of ICDH, SDH 
and MDH were profoundly increased by (+63%), (+83%), 
and (+106%) respectively. These results indicate that 
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metabolic activity related to energy production 
remained quite high during the Islamic fasting. In 
addition, the activity of G6 Pase, gluconeogenic enzyme 
was also significantly increased although to a lesser 
extent. These observation also suggest that the food 
eaten after 12 hr. fasting rapidly metabolised to keep 
the body healthy. At the same time, some of the 
carbohydrates were continuously synthesized from the 
metabolic products of fat and protein which might be 
degraded during the fasting period. 
The activities of G6PDH (HMP-Shunt pathway) and 
NADP- malic enzymes however were decreased by Islamic 
fasting. This can be explained by the fact that major 
metabolic pathways e.g. glycolysis and TCA cycle were 
operating at a very high and rapid rate, the minor 
alternate oxidative and biosynthetic pathways were 
operating at lower rates. Although the studies are not 
yet complete and the work is under progress, 
nevertheless it can be concluded that Islamic fasting 
for 30d which Muslims practiced world wide is 
beneficial to health while even 24 hr. total fasting 
(hunger) is determinental to health. Similar beneficial 
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effects of Islamic fasting were also recently observed 
in kidney and liver in this laboratory (113,114) which 
showed that the activities of AlkPase, and GGtase 
(marker BBM enzymes) and those of carbohydrate oxidative 
metabolism were significantly increased and 
reabsorptive properties of the kidney were greatly 
enhanced/Islamic fasting. 
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